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LOCALIZATION ELEMENT WITH ENERGIZED TIP 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is claiming the benefit of priority to U.S. provisional application 
Ser. No. 60/373,190 filed on April 16, 2002, and is related to co-pending U.S. patent 
application Ser. No. 10/272,314 entitled "Microwave Antenna Having A Curved 
Configuration'' (Attorney Docket No. 41269-20012.00) filed October 15, 2002, and each of 
which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 
[0002] This invention relates generally to tissue-localizing devices and methods for their 
deployment and excision. More particularly, this invention relates to an unproved tissue 
localizing device having an electrically energized locator element with ability to fixedly yet 
removably boimd a tissue volume containing a region of interest, such as a nonpalpable lesion, 
foreign object, or tumor, preferably but not necessarily without penetrating that tissue volume. 
This invention also more particularly relates to methods for deploying that device and 
removing it with an enclosed and intact tissue volume. 

BACKGROUND 

[0003] Despite the advances made in technologies such as medical imaging to assist the 
physician in early stage diagnosis and treatment of patients with possible atypical tissue such as 
cancer, it is still often necessary to sample difficult-to-reliably-reach organ or tissue lesions by 
biopsy to confirm the presence or absence of abnormalities or disease. 
[0004] One disease for which biopsy is a critical tool is breast cancer. This affliction is 
responsible for 18% of all cancer deaths in women and is the leading cause of death among 
women aged 40 to 55. 

[0005] In the detection and treatment of breast cancer, there are two general classes of 
biopsy: the minfanally invasive percutaneous biopsy and the more invasive surgical, or "open", 
biopsy. 

[0006] Percutaneous biopsies include the use of fine needles or larger diameter core 
needles. They may be used on palpable lesions or under stereotactic x-ray, ultrasonic, or other 
guidance techniques for nonpalpable lesions and microcalcifications (which are often 
precursors to metastatic cell growth). In the fine needle biopsy, a physician inserts a small 
needle directly into the lesion and obtains a few cells with a syringe. Not only does this 
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technique require multiple samples, but each sample is difiBcult for the cytologist to analyze as 
the specimen cells are isolated outside the context of healthy surrounding tissue. 
[0007] Larger samples may be removed via a core biopsy. This class of procedures is 
typically performed under stereotactic x-ray guidance in which a needle is inserted into the 
tissue to drill a core that is removed via vacuum aspiration, etc. Typically four to five samples 
are taken firom the body. Examples of such stereotactic biopsy methods include the 
MAMMOTOME vacuum aspiration system by Johnson & Johnson of New Brunswick, NJ, the 
ABBI system by United States Surgical Corporation, Norwalk, CT, and the SITESELECT 
system by Imagyn, Inc. of Irvine, CA. 

[0008] Open biopsies are advisable when suspicious lumps should be removed in their 
entirety or when core needle biopsies do not render sufiBcient information about Ae nature of 
the lesion. One such type of open biopsy is the wire localization biopsy. 
[0009] After multiple mammograms are taken of the breast, the images are analyzed by a 
computer to determine the location of the suspect lesion in three dimensions. Next, after a local 
anesthetic is administered, a radiologist inserts a small needle into the breast and passes the 
needle through the suspect tissue. The radiologist then passes a wire with a hook on its end 
through the needle and positions the hook so that the end of the wire is distal to the suspect 
tissue. A final image is taken of the lesion with the accompanying wire in place, and the 
radiologist marks the film with a grease pencil to indicate the x-ray indicators of a suspicious 
lesion that should be removed. The wire is left in the tissue and the patient is taken to tfie 
operating room, sometunes hours later, where the suspect tissue is removed by a surgeon. The 
sample is sent to a radiologist to determine, via an x-ray examination, if the sample contains the 
indicators such as microcalcifications and if the sample size and border are adequate to confirm 
the removal of all suspicious tissue. 

[0010] Examples of such wire markers are well known in the art. See, e.g., the following 
patents, each of which is incorporated herem by reference: U.S. Patent No. 5,158,084 to 
Ghiatas, U.S. Patent No. 5,409,004 to Sloan, U.S. Patent No. 5,059,197 to Urie et al, U.S. 
Patent No. 5,197,482 to Rank, U.S. Patent No. 5,221,269 to Miller et al., and U.S. Patent No. 
4,592,356 to Gutierrez. Other devices such as that described in U.S. Patent No. 5,989,265 to 
Bouquet De La Joliniere et al. and U.S. Patent No. 5,709,697 to Ratcliff et al., each 
incorporated herein by reference, are directed to similar devices. 

[0011] Despite the advantages of wire localization techniques to locate the suspect tissue 
for the surgeon, they have a number of severe limitations. 
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[0012] Such wires are often inaccurately placed and they cannot be removed except by 
surgical excision. For these reasons, the radiologist must mark the x-ray film or prepare 
notations providing instructions to the surgeon on how to find the lesion as a backup to confirm 
the proper location of the needle. 

[0013] Because the distal tip of the wire might have been placed anywhere from the very 
center of the lesion to quite some distance away from the lesion, the surgeon must guide a 
scalpel along the wire and rely upon the skill of the radiologist and the marked x-ray film in the 
excision procedure. Even if the wire has been properly placed in the lesion and the x-ray film 
clearly shows the lesion boundary or margin, the surgeon often cannot see the tip of the wire 
(given the surrounding tissue) so she must remove a larger portion of tissue than is necessary to 
ensure proper excision. 

[0014] If the lesion is not found at the end of the wire, the surgeon ends up cutting or 
removing non-afflicted tissue without removing the lesion. Also, if the tip of the wire 
penetrates the lesion, the surgeon may sever the lesion in cutting through the tissue along the 
wire to reach its end. In the latter case, a re-excision may be necessary to remove the entire 
lesion. Over twenty-five percent of wire localization procedures require re-excision. Post- 
excision re-imaging is almost always performed prior to closing the surgical field to ensure that 
the targeted tissue volume containing the suspect lesion is removed. 

[0015] When marking lesions in the breast, two paddles are typically used to compress and 
stabilize the breast for placement of the wire. Upon release of the breast from compression, the 
wire marker can dislodge or migrate to another position away from the suspect tissue. It may 
also migrate while the patient awaits surgery. In addition, the fact that the breast is in an 
uncompressed state for the excision procedure renders a different view of the lesion with 
respect to the healthy tissue. 

[0016] Various tissue localization systems have been developed to minimize inadvertent 
migration of the wire by configuring the wire with a bend or hook, such as Ghiatas et al., 
discussed above, U.S. Pat. No. 5,011,473 to Gattuma, and the MAMMALOK needle/wire 
localizer sold by Mitek Surgical Products, Inc., Dedham, MA. Even if a wire does not migrate 
after placement, the surgeon cannot determine the shortest path to the lesion; rather, the 
surgeon must always follow the wire, which is rarely the more cosmetically desirable path to 
the lesion (such as a circumareolar approach). 

[0017] Because the distal tip of the wire is often placed in the center of the suspect tissue, a 
problem known as '^ck seeding" can occur in which possible cancerous or precancerous cells 
are disturbed by the wire and are distributed to unafiected tissue during the procedure. 
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[0018] Aside from the above concerns, the use of a localization wire marker presents 
logistical problems. After placement, the wire protrudes from the body. It is almost always 
necessary for the patient to proceed with the surgical removal of the lesion immediately after 
wire placement to mmimize the chance of infection, wire breakage or disturbance, etc. 
However, delays between placement of the wire and eventual excision often can exceed several 
hours. 

[0019] Furthermore, conventional tissue locators tend to be difficult to deploy in areas 
where there is scar tissue, calcified tissues, or particularly dense tissues. The locator element or 
wiring that is inserted into the tissue tends to be blocked by scar tissue and other hardened 
tissues. It is highly desirable to have an effective means to facilitate the insertion of a locator 
element by minimizing resistance due to calcified tissue and other hardened tissues. 
[0020] What is needed is a tissue-locating device that may be smoothly inserted into the 
subject to surround a volume of interested tissue with minimal effort and maximum precision. 
Such a device should reliably define the border of the volume of tissue to be removed without 
the risk of self or inadvertent migration. The device should also provide a surface against 
which the surgeon may reliably cut when excising the tissue. Furthermore, a need remains to 
improve the interaction between the radiologist and surgeon, eliminate tiie need for post- 
excision x-rays and re-excision, reduce the overall time for the procedure, and allow a surgeon 
to select the shortest or most cosmetically desirable path to the suspect tissue. 

SUMMARY OF THE INVENTION 
[0021] The present invention relates to a tissue-localizing device with an energized locator 
element and methods for its use. The tissue-localizing device includes a locator element 
adapted to penetrate tissue so that the distal portion of the locator element forms at least a 
partial loop that defines a volume of tissue when the locator element is deployed in a 
manmialian body. The locator element, when deployed, may define a volmne of tissue for 
subsequent excision and contains a target region that may contain a lesion, foreign object, one 
or more microcalcifications, or a palpable or nonpalpable mass. This tissue volume is 
substantially bounded but preferably not penetrated by the locator element. The locator 
element may be adapted to form a partial or complete loop around a target region having a 
diameter as small as three millimeter. It is preferable that the loop formed by the locator 
element has a diameter in the range of about three millimeter to about ten centimeter. It is even 
more preferable that the diameter of the loop be within the range of about five millimeter to 
about five centimeter. When deployed, manipulation of a proxunal portion of the locator 
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element may result in a corresponding direct or proportional manipulation of the tissue volume 
it bounds. 

[0022] The conductive locator element may be configured for delivering a current or an 
electromagnetic field depending on the particular application. For example, the locator element 
may be configured as an electrode to carry alternating current of various radio frequencies. In 
this application, a second electrode or conductive member may be adapted to complete the 
current loop so that current may flow firom the locator element to this secondary electrode or 
conductive member. Alternatively, the locator element may be configured as an antenna to 
deliver electromagnetic field to the localized tissue. The electromagnetic field is generated 
when an alternating current is inputted to the antenna. 

[0023] It is preferable that alternating current within the radio fi^quency (RF) spectrum is 
used to energize the locator element or a conductive region on the locator element It is more 
preferable that the energizing current carries a frequency or frequencies within the range of 
about three kilohertz to about three hundred gigahertz. The power supply may have an 
alternating current output power within a range of zero to about four hundred watts. For RF 
ablation applications, it is more preferable that the primary RF frequency is within about ten 
kilohertz to about one hundred megahertz. It is even more preferable that in RF ablation 
application that the primary RF frequency be within about one hundred kilohertz to about one 
megahertz. For ultrasound applications, it is more preferable that the locator element is 
energized with a current carrying at least a frequency within the range of about ten kilohertz to 
about fifty megahertz. It is even more preferable that in ultrasound application the frequency 
be within the range of about five hundred kilohertz to about ten megahertz. For microwave 
applications, it is more preferable that the locator element is energized with a current carrying 
at least a frequency within the range of about one hundred megahertz to about three hundred 
gigahertz. It is even more preferable that in microwave application the frequency be within the 
range of about three hundred megahertz to about three gigahertz. 

[0024] The RF energized locator element may be used to facilitate the deployment of the 
locator element. Alternatively, the energized locator element may be used to deliver RF current 
or RF electromagnetic wave to a localized region of tissue for therapeutic or medical 
intervention purposes. 

[0025] Preferably the locator element is at least partially radiopaque ribbon with one or 
more optional cutting surfaces. TTie locator element also preferably exhibits shape memory 
characteristics. Alternatively, the locator element may be plastically deformed to take an 
arcuate or curvilinear shape during deployment through a die. 
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[0026] The locator element is adapted to penetrate tissue so that at least part of the distal 
portion of the locator element forms a partial loop that defines a volume of tissue. The locator 
element defines a volume of tissue that may be subsequently excised along the boundary 
defined by the locator element. 

[0027] The locator element is preferably electric conductive. Various metals and metal 
alloys that are highly conductive may be used to construct the locator element. The locator 
element may also be at least partially electrically insulated with a coating of insulating material, 
such as a polymer coating, on one or more sides of the locator element. The insulating layer 
may be biocompatible plastics such as parylene, polyethylene, polypropylene, 
polyvinylchloride (PVC), ethylvinylacetate (EVA), polyethyleneterephthalate (PET), 
polyurethanes, polycarbonates, polyamide (such as the Nylons), silicone elastomers, 
fluoropolymers (such as Teflon™), and their mixtures and block or random copolymers may be 
applied as an insulating layer and/or as a protective coating. This insulative material may have 
a low coefficient of fi-iction for ease of entry into the tissue. Alternatively, the electric 
insulation may also be achieved through placement of a heat-shrink tubing over the locator 
element. Preferably the distal end of the locator element is exposed to provide a path for 
delivery of electric energy to the tissue. 

[0028] Alternatively, the locator element may be constructed with a non-conductive 
material, such as super elastic polymer, and a conductive member is then adapted to the body of 
the locator element to provide the means for electric conduction. Conductive regions may also 
be established on a locator element through electroplating, electrodepostition or plasma 
deposition of conductive materials, such as copper, chromium, silver or gold. 
[0029] Alternatively, the locator element has two or more conductive regions. In one 
variation, the plurality of conductive regions is constructed on the surface of the locator 
element through adaptation of two independent conductive members, such as metal wires with 
high conductivity, to the locator element. It may also be possible to fabricate the two 
electrodes on the surface of the locator element through deposition of conductive materials, 
such as copper, chrome, silver, gold or metal alloys, on the surface of the locator element. Two 
or more surfaces that are electrically isolated firom each other may be deposited on the surface 
of the conductor element through plasma thin film deposition, electroplating or 
electrodeposition. Alternatively, a plurality of electrodes may be fabricated on the locator 
element through placement of multiple layers of conductive materials that are electrically 
insulated fi-om each other. For example, on top of a locator element constructed of metal alloy, 
an insulating layer, such as polyamide or other polymers with low conductivity, maybe 
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deposited on its surface, and a layer of conductive material may be deposited on top of the 
insulating material to serve as the second electrode. A second layer of polymer may be 
deposited on top of the conductive layer to alter the amount of the conductive area exposed. If 
necessary, additional layers of conductive materials and polymer may be deposited to create 
additional electrodes as needed. The independent conductive regions may be selectively 
implemented as the active and return electrodes m a bipolar electric energizing configuration. 
[0030] In another variation, one or more electric conductive member may be adapted or 
coupled to the locator element. If the locator element is also conductive, an insulating layer 
may be provided to separate the conducting member from the locator element. The conductive 
member may be comprised of metal wires or electrodes, metal alloy wires or electrodes, and 
other electric conductive wiring and medium well known to one skilled in the art. 
[0031] The tissue-localizhig device may also include a sleeve that is placed over the 
locator element The locator element is slidably positioned within the lumen of the sleeve. The 
sleeve may be used to penetrate the target tissue. The sleeve may be flexible, semi-flexible or 
rigid depending on the particular application. Alternatively, the sleeve may comprise a 
cannula. The distal end of the sleeve may have a sharp edge to facilitate penetration of the 
tissue. 

[0032] A locking mechanism may also be provided to temporarily secure the position of 
the locator element relative to the sleeve. When the locator element is secured by the locking 
mechanism the sleeve and the locking mechanism may be advanced into the tissue as a single 
unit. 

[0033] The sleeve may also be electric conductive. For example, the sleeve may be. 
comprised of a metal cannula. An insulating layer may be placed over the sleeve exposing only 
the distal end of the sleeve. Alternatively, metal deposition techniques well known to one 
skilled in the art may be applied to establish a conductive region on the sleeve. It is preferable, 
but not necessary, that the conductive region be on the distal end of the sleeve. The conductive 
sleeve may also be energized to facilitate the penetration of the sleeve into the tissue. 
Alternatively, the conductive sleeve may provide a return pathway for electric current in a 
bipolar electric configuration. 

[0034] The sleeve may additionally comprise a cold forming die at the distal end of the 
sleeve that is adapted to plastically deform the locator element into an arcuate shape. The die 
may include a reverse curve and a positive curve for shaping the locator element, and it may 
also comprise an axially adjustable upper portion connected to a lower portion. 
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[0035] A power supply may be connected to the locator element for delivering electric 
energy to the conducting surface on the locator element. The power supply may be able to 
deliver a current with a particular frequency within the range from about three kilohertz to 
about three hundred gigahertz. Alternatively the power supply may have a variable current 
output with a frequency range within the three kilohertz to three hundred gigahertz range. 
Various RF, microwave, and ultrasound generators well known to one skilled in the art may be 
adapted to provide the electric energy to the locator element. In another variation, the power 
supply may deliver a DC current to the to the locator element 

[0036] The power supply and the tissue-localizing device may be configured to deliver 
electric energy to tissue. The system may be specifically configured for delivering RF ablation 
current, microwave energy, ultrasound energy, and other electric energy that are well known to 
one skilled in the art. As described above, the electric energy is preferably delivered to the 
target region as an electric current, but it may also be delivered to the target region as an 
electromagnetic wave. 

[0037] The delivery of energy may be achieved through monopolar or bipolar 
configurations. In a monopolar configuration, the locator element preferably serves as the 
primary electrode deliverying the electric energy. In applications where the primary electrode 
is used to delivery a current to the tissue, a secondary electrode or conductive pad may be place 
on the subject to provide a return path for the current to flow back to the power supply. In an 
alternative arrangement, the locator element may serve as the secondary or ground electrode, 
and a separate electrode or conductor is placed at a separate location on the subject to complete 
the electric loop. 

[0038] The monoplar configuration may be achieved through implementation of a locator 
element with an electric conductive surface. In one variation, the power supply is electrically 
connected to a conductive path that connects to the conductive surface on the locator element. 
An electric conductive pad is secured to the surface of the subject's body and a separate electric 
conductive path coimects the pad to the negative or ground connection on the power supply to 
complete the electric current loop. 

[0039] In a monopolar configuration, it may also be possible to direct the current down the 
sleeve of the tissue-localizing device to facilitate the insertion of the sleeve into the tissue. 
Once the sleeve is in position, a current may be directed down the locator element to facilitate 
the deployment of the locator element. In one variation, the same current source is used to 
charge the sleeve and the locator element. A current switch may be incorporated to selectively 
direct current down the sleeve and/or the locator element. 
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[0040] In the bipolar configuration, it is preferable that the locator element serve as the 
primary electrode and the sleeve serve as the secondary electrode. It is also possible to use a 
locator element with two or more separate conductive regions. In such a case, both the positive 
and negative electrodes for the bipolar system may be located on the locator element. 
[0041] The power supply may be integrated with the tissue-localizing device as one unit or 
it may stand as a separate unit connected to the tissue-localizing device. The power supply 
may deliver DC and/or AC current depending on the particular application. Integrated circuit 
based switching and controlling circuits may be implemented to manufacture a miniature power 
control unit that can easily be integrated into a handle that is attached to the sleeve and the 
locator element In some applications, a separate unit containing the power supply and control 
circuit may be preferable in order to minimize the production cost of the system or to 
implement a more sophisticated feed back control mechanism that is capable of monitoring 
physiological changes and modulate the ablation current during the insertion of the tissue- 
localizing device. 

[0042] A temperature sensor may also be adapted or coupled to the tissue-localizing device 
for monitoring local tissue temperature fluctuation. This may be particularly useful in 
applications where RF energy is used for ablating tissue around the locator element The 
temperature sensor allows for monitoring of local tissue temperature to guard against over 
heating of tissue. A close loop control mechanism, such as a feedback controller with a 
microprocessor, may be implemented for controlling the delivery of RF energy to the target 
tissue based on temperature measured by the temperature sensor. 
[0043] The temperature sensor may be coupled or adapted to the locator element, or 
alternatively coupled or adapted to the sleeve of the tissue-localizing device. Miniature sensors 
well known to one skill in the art and suitable for this particular in vivo application may also be 
used. For example, thermal couples, thermistors, and various semiconductor based temperature 
sensors may be implemented on the tissue-localizing device. 

[0044] This invention is also a method for placing a removable locator element in tissue. 
This method is accomplished by inserting a sleeve containing a locator element slideably 
positioned within a lumen of the sleeve at a position adjacent the targeted tissue, and advancing 
a locator element through a distal end of the sleeve and penetrating tissue so that at least a 
portion of the locator element forms a partial loop around the target tissue. The deployed 
locator element defines a volume of tissue for subsequent treatment or excision. The tissue 
volume will contain a target region that is substantially bounded but not penetrated by the 
locator element 
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[0045] The sleeve and/or the locator element may be energized with RF energy to facilitate 
the penetration of the sleeve/locator-element unit into the tissue. The RF energy may be 
delivered simultaneously while the sleeve/locator-element is being advanced into the tissue, or 
alternately by energizing the locator element in between intermitted pressure applied to 
advance the locator element into the tissue. 

[0046] Alternatively, the invention is a method for excising a volume of tissue that 
comprises advancing a locator element with the assistance of RF energy through tissue to 
define a volume of tissue to be excised, and cutting tissue substantially along a surface of the 
locator element inunediately adjacent the tissue volume. Rotation of the locator element or 
elements through an angular displacement, to facilitate cutting through tissue to remove the 
tissue volume is also feasible. RF energy may also be applied, intermittently or continuously, 
to the locator element to facilitate the excision of the target tissue. 
[0047] Preferably, the device is palpable when in position around the tissue volume. 
Tissue may be penetrated through any excision path to the tissue volume as the surgeon sees fit. 
For instance, the surgeon may cut down along the locator element extension wire, or, when the 
device is disposed in breast tissue, circumareolarly. 

[0048] The locator element may be proximally withdrawn from the tissue after it is 
advanced to define the tissue border for eventual re--advancement through the distal end of the 
deployment sleeve or complete removal from the body. 

[0049] The locator element may be placed under x-ray guidance, stereotactic x-ray 
guidance, ultrasonic guidance, magnetic resonance imaging guidance, and the like. Target 
region visibility may be enhanced by, e.g., the placement or injection of an echogenic 
substance, such as collagen, hydrogels, microspheres, microbbules, or other like biocompatible 
materials, or by the injection of air or other biocompatible gases or contrast agents. 
[0050] The tissue-localizing device with an energizable locator element may also be 
utilized for local activation of drug, medication or chemicals. An inactivated chemical may be 
injected into the body of the subject. The drug diffuses in the subject's body through the 
circulatory system. The locator element is deployed around the target tissue. Delivery of RF 
energy, microwave or ultrasound may activate the chemical locally around the target region. 
The chemicals may be activated by direct RF energy due to the chemicals entering the RF 
energy field, or it may be activated due to the elevated temperature in the local tissue exposed 
to the RF energy. Alternatively, it may also be possible to activate drugs or chemicals with RF 
current. 
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[0051] Variations of the invention may also include a tissue locator element pusher 
assembly* The pusher assembly is adapted to the sleeve and the locator element. A pusher 
within the pusher assembly may be adapted to control the sliding action of the locator element 
along the lumen of the sleeve. An adjustable fastener for slidably fixing a portion of a tissue 
locator element to the pusher may also be included. A deployment fixture may be detachably 
affixed to a distal end of the locator element The locator element may be released and 
separated from the pusher assembly. 

[0052] Alternatively, the tissue locator element pusher assembly may include a housing 
having a lumen, a pusher having a pusher lumen slidably disposed in the housing lumen, a 
tissue locator element at least partially disposed in the pusher lumen, and a delivery tube or 
sleeve having an optional sharpened distal tip and afiGxed to the housing. The delivery tube or 
sleeve has a lumen adapted for slidably receiving the pusher and the tissue locator element. 
[0053] Still further, the tissue locator element pusher assembly may include a housing 
having a proximal end, a distal end, a central housing lumen, and at least one longitudinal slot 
in communication v^ith the housing lumen, and a pusher slidably disposed in the housing 
lumen. The pusher may have a pusher lumen and an adjustable fastener for slidably fixing a 
portion of a tissue locator element to the pusher, a control lever affixed to the pusher and 
extending at least partially through the housing slot, and a tissue locator element at least 
partially disposed in the pusher lumen. A delivery tube or sleeve may have a lumen adapted for 
slidably receiving the pusher, and the locator element may be disposed on the distal end of the 
housing in communication with the housing lumen. 

[0054] Further, this pusher assembly may be configured so that axial movement of the 
control lever will result in a corresponding axial movement of the pusher and the locator 
element. In this way, the locator element will reversibly extend through an aperture in a distal 
end of the delivery tube. The assembly may also be set up so that sufficient axial movement of 
the control lever may cause it to engage a detent disposed in the housing, prohibiting 
substantial further axial movement of the control lever. The engagement of the control lever 
and the detent may be configured to correlate to an extension of the locator element shoulder 
through the delivery tube distal end aperture. The assembly may further be set up so that just 
prior to engaging the detent, tactile or other feedback is provided to indicate that the 
engagement point is about to be reached. 

[0055] Furthermore, the tissue localizing system may include electronic controller that is 
adapted to modulate the RF current delivered to the locator element. The controller may be 
integrated with the pusher assembly or it may be integrated with the power supply. 
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Alternatively, the controller may be a separate unit connected to the power supply and the 
pusher assembly. The controller may be adapted to energize the locator element when a 
pressure is applied to advance the locator element forward. Alternatively, the power controller 
may be adapted to respond to a control switch that is located on the pusher assembly or as a 
separate unit that is in communication with the controller. In another variation, the controller 
may only energize the locator element when the locator element experiences a resistance that is 
above a predefined threshold during the deployment process. 

[0056] The sleeve of the tissue-localizing device may be adapted for delivery of fluids, 
chemicals or drug into tiie tissue. A delivery port and a fluid conununication channel 
connecting the port to the lumen of the sleeve may be integrated into the pusher assembly to 
facilitate the delivering fluid to the tissue via the sleeve of the tissue-localizing device. 
[0057] Altiiough the tissue locator element is primarily intended to mark a volume of 
tissue without penetrating it, the tissue locator element may be used as a tissue localization wire 
in which at least a portion of a tissue volume (which may or may not include a lesion) is 
penetrated to mark it for later excision. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0058] The foregoing and other objects, features and advantages of the invention will 
become apparent from the following description of the invention, as illustrated in the 
accompanying drawings in which reference characters refer to the same parts through out the 
different views. The drawings are intended for illustrating some of the principles of the 
invention and are not intended to limit the invention in any way. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of the 
invention in a clear manner. 

[0059] Figure 1 illustrates a tissue-localizing device according to one variation of the 
invention with its locator element deployed; 

[0060] Figure 2A shows one embodhnent of a locator element according to tbe present 
invention. 

[0061] Figure 2B shows the locator element of Figure 2A together with a deployment 
sleeve and a pusher element; 

[0062] Figure 2C shows another embodiment of a locator element according to the present 
invention that is connected to an external energy source; 

[0063] Figure 2D is a cross-sectional view of the locator element of Figure 2C; 

[0064] Figure 2E is yet another embodiment of a locator element according to the present 

invention connected to a flexible wire or suture; 
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[0065] Figure 3 illustrates one variation of a tissue-localizing device with its locator 
element deployed in the breast tissue; 

[0066] Figure 4 illustrates a variation of a tissue locator element according to the present in 
its deployed position; 

[0067] Figure 5 is a view of a variation of a locator element according to the present 
invention with two conductive regions.; 

[0068] Figure 6 is a view of another variation of a locator element according to the present 
invention with three conductive regions; 

[0069] Figure 7A shows one side of a variation of a locator element according to the 
present invention with a conductive region on each of the two sides of the locator element; 
[0070] Figure 7B shows the corresponding opposite side of the locator element shown in 
Figure 7A; 

[0071] Figure 8 illustrates another variation of a locator element according to the present 
invention with a plurality of conductive regions; 

[0072] Figure 9 shows yet another variation of a locator element according to the present 

invention with two conductive electrodes separate by an insulating layer; 

[0073] Figure 10 show a fixrther variation of a locator element according to the present 

invention with multiple conductive regions comprised of a plurality of coaxial layers; 

[0074] Figure 1 1 illustrates yet another variation of a conductive locator element according 

to the present invention having embedded conductive members; 

[0075] Figure 12 is a view of a partially deployed locator element extending from the 

sleeve of the tissue-localizing device of Figure 1; 

[0076] Figure 13 illustrates a system configuration implementing a monopolar tissue- 
localizing device according to the present invention including a conductive pad for connection 
to the subject's body; 

[0077] Figure 14 shows a variation of a bipolar RF energized tissue-localizing device 
according to the present invention; 

DETAIL DESCRIPTION OF THE INVENTION 
[0078] Tissue localizing devices and locator elements having particular use in the present 
invention can have a variety of shape and configurations, including configuration such as those 
described in U.S. Patent Application Serial No. 09/935,477, filed August 22, 2001, PCT 
Application Serial No. PCT/USOl/05013, filed February 16, 2001, U.S. Patent Application, 
Serial No. 09/699,254, filed October 27, 2000, U.S. Patent Application Serial No. 09/613,686, 
filed July 1 1, 2000, and U.S. Patent Application Serial No. 09/507,361, filed February 18, 
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2000, each of which is incorporated herein by reference in its enthrety. These applications 
describe in detail various aspects of tissue localizing devices and methods for their deployment 
and excision. 

[0079] Referring to Figure 1, a particular variation of a tissue-localizing device according 
to the present invention is illustrated. The device has a sleeve 1 extending from the pusher 
assembly 3. The inner surface of the sleeve is preferably, but not necessarily, covered with an 
insulating liner (not shown). A locator element 5 is slidably located in the lumen of the sleeve. 
The locator element 5 is shown in the deployed looped position. The locator element is 
preferably electric conductive. An electric insulating layer may be applied over the locator 
element. Preferably, the distal end of the locator element is exposed and not covered by the 
insulating layer. This particular pusher assembly 3 includes a deployment knob 7 inter-linked 
with the locator element for deploying and retracting the locator element. The pusher assembly 
3 may also includes a release ring 9 for detaching the locator element 5 from the pusher 
assembly 3. A delivery port 1 1 may also be adapted to the pusher assembly to provide an entry 
point for delivery of fluids or medication into the lumen of the sleeve 1 . A fluid channel (not 
shown) provides a path from the delivery port 1 1 to the lumen of the sleeve. The pusher 
assembly may further include a power cord 13 for coimection to a power supply such as a RF 
generator. 

[0080] Figures 2A-2E depict various embodiments of the locator element 5. In Figure 2A, 
a particularly useful variation of the locator element 5 is shown in perspective as having a 
straight and flat configuration as it assumes when disposed in the confines of a lumen of a 
sleeve 1. 

[0081] A proximal portion 2 1 of locator element 5, preferably having a smaller cross- 
sectional area than a distal portion 22 of locator element, is shown. Proximal portion 21 
transitions through a radius to distal portion 22 at shoulder 24. Preferably, the entire locator 
element 5 is a single-piece article having no joints or the like. When a single piece, the 
proximal portion 21 may be formed by laser or photoetching, traditional, electron-discharge or 
water-jet machining, cutting, or other techniques to reduce its cross-sectional area relative to 
distal portion 22. We have found that it is particularly desirable, both for manu&cturing and 
for clinical performance, to start with a single wire made of nitinol, spring steel, or the like, and 
can have round or square or other cross-sectionat configurations. The proximal portion 21 of 
the wire is ground to the desired diameter. The distal portion 22 is then cold rolled to flatten it. 
[0082] Alternatively, the distal portion can be hot rolled, hot or cold stamped, coined and 
the like. Then tiie distal end 23 of the distal portion 22 is ground or otherwise modified to form 
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a pointed tip and/or one or more edges 25, 26 may be sharpened as described below. In another 
variation, the distal tip may be kept blunt. A blunt tip may improve physician safety and may 
also to minimize trauma to the inside of the delivery cannula or sleeve during deployment (e.g. 
reduce skiving or other resultant scratching fcom the sharp tip against the inside of the cannula). 
In some cases, it may be desirable to heat treat the material following the rolling or stamping 
process and prior to forming the curve. The material may be partially stress relieved to make it 
less brittle to allow it to take the shape of the curve v^ithout breaking; m the case of nitinol, it is 
only partially annealed to a point at which it still maintains its superelastic properties. 
Alternatively, for some materials and configurations, the proximal portion 21 may be annealed 
without annealing the distal portion 22 to unpart flexibility to only the proximal portion 21 . 
[0083] Alternatively, proximal portion 21 may be a separate article joined to distal portion 
22 at shoulder 24 by any appropriate technique, such as soldering, welding, brazing, adhesives, 
or the like. 

[0084] Whether the locator element 5 is a single piece or a separate proximal portion 21 
joined to distal portion 22, and especially if it is a single piece, it may be desirable to include a 
strain relief. In the case where the distal portion is not substantially stifFer than the proximal 
portion, a serpentine or helical strain relief serves to decouple the two portions such that 
manipulating the proximal end protruding from the body will not substantially dislodge the 
distal portion or manipulate tissue within the distal portion. 

[0085] We prefer proximal portion 21 and distal portion 22 to each have a similarly square 
or rectangular cross-sectional profile, but other profiles such as circular, elliptical, and irregular 
are also contemplated. The cross-sectional profile of proximal section 21 need not be the same 
as the cross-sectional profile of distal portion 22. Furthermore, while Figure 2A shows only a 
width difference between proximal portion 21 and distal portion 22, these portions may also 
differ in thickness, 

[0086] The smaller cross-sectional area of proximal portion 21 compared to the distal 
portion 22 (as well as any possible differences in material properties when these portions are 
made fi'om dissimilar materials) reduces the fiexural modulus of proximal portion 21 relative to 
distal portion 22. This affords greater flexibility or bendability to the device to reduce the risk 
of locator element breakage, injury to others, and tissue trauma when proximal portion extends 
from the surface of the skin after locator element deployment but before excision. Preferably, 
proximal portion 21 is flexible enough to be freely and safely manipulated; for instance, 
proximal portion 21 may be taped or aflBxed to the patient's skin after deployment This 
eliminates the need to have the tissue volume immediately excised, freeing the patient to leave 
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and Fetum for the excision at a later time. Not only does this help to decouple the radiologist 
from the surgeon, but also it gives the patient more flexibility to do as she pleases and certainly 
less invasive discomfort. 

[0087] Shoulder 24, disposed either proximate the distal portion or at the transition of the 
proximal and distal portions of locator element 5 is a particularly useful optional feature. 
Shoulder 24 provides an engaging or abutting surface against which the radiologist or surgeon 
may advance the distal end of the pusher element 31 (see Figure 2B) so to move locator 
element S out the distal end of deployment tube 1 and into the tissue. Furthermore, it provides 
a stop against the tissue to prevent locator element S fix>m backing out accidentally. 
Enhancements to this '^anchoring" feature of shoulder 24 are discussed below in conjunction 
with an embodiment of locator element 5 designed for use with a flexible wire, suture, or the 
like. . 

[0088] Distal portion 22 of locator element 5 is shown in Figures 2 A and 2B as having a 
rectangular cross section and a distal end 23 that forms a blade or cutting surface. Alternatively 
or in addition, one or both of leading edge 25 or trailing edge 26 may form a blade or cutting 
surface. The particular shape of the distal end 23 and the cutting surface or surfaces are 
determined by the particular tissue in which the locator element 5 is designed to be placed and 
other clinical and practical parameters. The configuration of Figure 2A is but one of many 
possible variations to provide an efiicient advancing surface for moving through tissue. 
[0089] Figure 2C shows an alternative configuration in which locator element S is 
connected to a power supply 33, preferably radio frequency (RF) energy, through lead 27. In 
this embodiment, RF power supply 33 may be a BOVIE (Bovie Medical Corp., Melville, NY) 
unit or the like to deliver high firequency current to locator element 5. When so energized, the 
distal portion 22 of the locating element becomes an active electrode that can cut through and 
optionally cauterize tissue as is well known to those skilled in the art. RF may be used alone to 
cut through tissue or may be used in conjunction with mechanical cutting means to assist in 
advancing the distal portion 22 of locating element 5 through tissue. 

[0090] Power supply 33 may provide other electrical energy forms to locator element 5, or 
it may also or instead, be a source of mechanical, thermal, acoustic or other type of energy as 
may be desired. Various other power supply, such as ultrasoud, microwave, and others energy 
sources well known to one skill in the art may be adapted to provide energy to the locator 
element. 

[0091J When providing RF enei^, power supply 33 not only aids in advancing the distal 
portion 22 into position around the tissue volume by cutting through the tissue, it may also be 
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used to aid the surgeon in excising the tissue volume from the body of the patient, for instance, 
when the energized locator element 5 (or array of elements) is rotated through an angular 
displacement as will be discussed in greater detail. 

[0100] In order to facilitate this rotational cutting action, distal portion 22 of locator 
element may incorporate a leading edge 25, a trailing edge 26, or both, as shown in Figure 2C. 
These portions 25 and 26 preferably but not necessarily will have a sharpened profile so to 
provide a cutting surface for displacing tissue and providing a focus for the high frequency 
energy. In one variation, only one of these two portions 25 and 26, has a sharpened profile to 
provide a cutting surface, and the ablation energy may also be focused on this cutting surface to 
facilitate the rotational cutting action. 

[0101] One particularly useful variation of this configuration is shovm the Figure 2D cross- 
section of a distal portion 22 of locator element 5 that may be used with RF energy. Here, an 
insulative coatmg or layer 28 covers the two opposing surfaces of the locator element 22 
adjacent leading edge 25 and trailing edge 26. Such insulation 28 serves to electrically isolate 
the surfaces covered by the insulation and further focuses the RF energy on the leading and 
trailing edges. Insulation 28 may comprise a biocompatible polymer or any other suitable 
biocompatible electrically insulating material. Insulation 28 may be in the form of a coating 
that may be applied by well knovm deposition methods such as physical vapor deposition 
(including sputtering, evaporation, ion plating, ion beam-assisted deposition, ion implantation, 
etc.), difiusion (e.g., cementation), electrophoresis, anodizing, plating, chemical vapor 
deposition, pulsed laser deposition, painting, dipping, electroplating, laser surface processing, 
thermal spraying, etc. Insulation 28 may also be formed in situ via surface oxidation, etc. 
Insulation 28 may completely cover the opposing surfaces of distal portion 22 as shown in 
Figure 2D; alternatively, insulation 28 may cover only portions of these surfaces or additionally 
cover portions of leading edge 25 and trailing edge 26. The amount of surface area covered by 
insulation 28, as well as the insulation thickness, compositional profile, density, and other 
properties may be tailored for the particular tissue and application in which the locator element 
5 is designed to operate. 

[0102] We prefer that insulative coating 28 has a low coefficient of friction to ease the 
movement of locator element through tissue and within the delivery cannula or sleeve. It is 
even contemplated that the locator element be coated with a noninsulative but low»friction 
coating, whether the device is used with RF or other energy or not, simply to achieve this goal. 
[0103] In application where local tissue damage, either through ablation or local tissue 
heating due to ablation, is of concern, it may be preferable to insulate all the surface of the 
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locator element 5 that comes into contact with tissue except the distal end of the locator 
element. This allows the ablation energy to be focused at the distal end of the locator element, 
allowing for cutting current to focus at the tip. This configuration also has the benefit of 
achieving a high level of ablation current at the distal end minimal power output, and thus 
minimizing heating of surrounding tissue since the ablation surface is minimized. 
[0104] Figure 2E shows another variation of locating element 5 in which a flexible wire, 
cable, suture or the like 29 is attached to locator element via eyelet 35. As may be seen, the 
overall length of locator element 200 may be considerably shorter than other variations, as the 
cable 29 may be viewed as taking the place of locator element proximal section 21 . A suture 
29 is even more suitable than the proximal portion shown in Figure 2A for presenting a 
flexible, safe, and effective *'lead" that may extend out through the breast surface after the 
locator element has been placed in the tissue. Although not shown, the ends of the wire 29 may 
be twisted together so that they, exit the body as a unit rather than as two separate wires. 
Additionally, wire 29 may be intentionally kinked in the region of eyelet 35 to help keep it in 
place. 

[0105] We find it useful to incorporate an anchoring feature to the locator element 5 to 
provide enhanced traction when the element is deployed in tissue. The simple shoulder feature 
described above works well to accomplish this goal. 

[0106] Although a ribbon shaped locator element is preferred in many applications, a 
locator element with an oval shaped cross section or circular shaped cross section with an 
elongated wire like body may be preferable in some applications. In situation where the locator 
element is used to deliver electromagnetic wave, an antenna shaped locator element may be 
particular useful. 

[0107] As described above, the locator element generally has a distal end 23, a proximal 
end 37, a distal portion 22 and a proximal portion 21, as seen in Figure 3. The distal portion 
generally includes the part of the locator element that is inserted in the tissue and forms a loop 
or a partial loop inside the tissue. The proximal portion is generally the part of the locator 
element that stays inside the sleeve and does not come into contact with the tissue. Figure 4 
illustrates an alternative variation of a deployed locator element with the distal portion 22 
forming a loop that is different form Figure 3. 

[0108] In application where a RF current is to be delivered to the tissue, it is preferable that 
the locator element 5 has a conductive surface that may come m contact with the tissue when it 
is deployed in the subject's body. The conductive surface may be achieved through coating the 
body of a locator element with conductive material such as gold, silver, copper, or chrome. 
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Conductive polymer may also be used as coating to achieve surfiice conduction. Other 
materials well know to one skilled in the art may also be used to coat the locator element. 
[0109] In some applications, it may be preferable to have a locator element 5 with multiple 
conductive regions that are electrically isolated from each other. For example, a locator 
element with two conductive regions 51, such as one shown in Figure 5, may be desirable in a 
bipolar application. Locator element 5 with three or more conductive region 51 may also be 
made through methods well know to one skill in the art. For example, Figure 6 illustrates an 
example of a locator element with three conductive regions. The tip region 61 and the two side 
regions 63 may be energized simultaneously or separately. In a monoplar application, the tip 
region 61 may be charged for insertion of the locator element, and the side regions 63 are 
charged when the locator element is rotated to localize the volume of targeted tissue. In a 
bipolar application, the tip region may serve as one electrode and the two side regions may 
serve as the second electrode. 

[0110] Alternatively, the two sides of the locator element may have separate conductive 
regions. For example. Figure 7A illustrates one side of the locator element with a conductive 
surface, and Figure 7B shows a separate conducting surface located on the opposite side of the 
locator element shown in Figure 7A. 

[0111] Figure 8 illustrates an example of a locator element with a plurality of conductive 
regions 5 1 . The various regions may be charged simultaneously or one after another. A 
controller with a time multiplexer may be used to charge the conductive region in a parallel or 
sequential pattern as desired by the designer of the device. The specific charging pattern may 
be selected to enhance efficient penetration or cutting with the locator element and to minimize 
damage to the surrounding tissue. 

[0112] Various methods well know to one skilled in the art may be applied to manufacture 
the conducting surface on the locator element. For example, physical vapor deposition 
(including sputtering, evaporation, ion plating, ion beam-assisted deposition, ion implantation, 
etc.), diffusion (e.g., cementation), electrophoresis, anodizing, plating, chemical vapor 
deposition, pulsed laser deposition, painting, dipping, electroplating, laser surface processing, 
thermal spraying, are some of the common techniques that may be applied to generate 
conductive surfece on the locator element. 

[0113] The conducting surfece may have a particular pattern or distribution for focusing or 
dispersing the electric energy. For example, the locator element may have a conductive surface 
on only one side of the locator element (e.g. the inner circumferential surface when the locator 
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is deployed) to facilitate the localization of RF energy within the volume defined by the 
deployed locator element 

[0114] The electric conductive locator element may also be fabricated through layering of 
conductive material on the locator body. For example, as illustrated in Figure 9, locator 
element body 91 constructed of highly conductive metal alloy, may have an insolating layer 92 
deposit over its surface, a thin film of metal 93 may then be deposited on top of the insulating 
layer to create the second electrode. Additional insulating layer may be deposited on top of the 
second layer to Ihnit the exposed conductive surface as needed. 

[0115] Coaxial layering of conductive 101 and nonconductive 102 material may also be 
used to fabricate tiie locator element 5. An example of a coaxially layered conductive locator 
element is shown in Figure 10. The coaxial conductive locator element may have a circular or 
oval cross-section or it may noncircular such as the example given in Figure 10. 
[0116] The locator element 5 may also be constructed by embedding conductive materials 
101 on a locator element body. If the locator element body is semiconductive or conductive, 
the conductive material may be insulated for the body of the locator element when it is 
integrated with the body. For example, the body of the locator element may be constructed of a 
non-conductive super-elastic polymer body with two electric conductive wiring 103 embedded 
in it, as seen in Figure 1 1 . Two conductive plates are connected to the wiring and disposed at 
the distal end of the locator element to serve as the energizing surface. Additional two 
conductive plates are located at the proximal end of the locator element and connected to the 
wiring to serve as contact points for connection to the power supply. 
[0117] An insulating layer may be deposited through various methods well know to one 
skilled in the art. For example, a polymer layer may be directly deposited on the locator 
element as an electric insulating layer. Heat shrink tubing may also be used to provide the 
insulating layer on the locator element. 

[0118] Sleeve 1 has a distal end, a proximal end, an inner surface, an outer surface, and 
allows a locator element to be slidably located within its lumen, as shown in Figure 12. In one 
variation, the sleeve is an electrically conductive cannula.. Alternatively, the conductive surface . 
may be placed or deposited on the sleeve through methods well known to one skill in the art. 
For example, methods such as electroplating, electrodeposition and plasma deposition may be 
used to create the conductive region on the surface of the cannula. Conductive members, such 
as metal wiring or electrode may also be integrated with the sleeve to provide the conductive 
region on the surface of the sleeve. 
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[0119] When the sleeve is comprised of a conductive material, it is preferable that an 
insulating liner is placed in the inner sur&ce of the sleeve. The insulating liner may be 
comprised of a non-conductive polymer and/or oflier materia] with low conductivity that are 
well known to one of skill in the art and which are suitable for such purpose. Biocompatible 
plastics such as polyethylene, polypropylene, polyvinylchloride (PVC), ethylvinylacetate 
(EVA), polyethyleneterephthalate (PET), polytetrafluoroethylene, polyurethanes, 
polycarbonates, polyamide (such as the Nylons), silicone elastomers, and their mixtures and 
block or random copolymers may be applied on the inner surface of the sleeve as an insulating 
layer and/or as a protective coating between the locator element and the sleeve. 
[0120] It may be desirable to monitor the temperature of locator element 5 and/or the tissue 
surrounding the location where the locator element is deployed. Such data may be obtamed 
through placement of a temperature sensor on the locator element S or the sleeve 1 of the 
tissue-localizmg device. The temperature sensor may be a semiconductor-based sensor, a 
thermister, a thermal couple or other temperature sensor that would be considered as suitable 
by one skilled in the art. An independent temperature monitor may be connected to the 
temperature sensor. Alternatively, a power supply with an integrated temperature monitoring 
cu-cuit, such as one described in U.S. Patent 5,954,719, which is incorporated by reference 
herein, may be used to modulate RF power output supplied to the locator element. Other 
physiological signals, e.g. EKG, may also be monitored by other medical instrumentation well 
known to one skilled in the art and such data applied to control the RF energy delivered to the 
locator element. Alternatively, the temperature sensor may be adapted to monitor the 
temperature of the locator element. 

[0121] The energized tissue-localizing device may be implemented with a bipolar or a 
monopolar configuration. In a mopolar configuration, it may be preferable to establish a 
separate electric connection firom the body of the subject to the power supply. Figure 13 
illustrates one such monpolar configuration. The RF ablation generator 131 has two separate 
electric conduction paths 132. One is connected to the tissue-localizing device 135 and a 
second connection is connected to a conductive pad 137. The conductive pad 137 is to be 
placed on a body surface of the subject to provide the ground, or negative electric connection 
so the ablation current has a return path to the power supply. Other conductive material or 
electrode may also be used to provide the connection to the body of the subject. 
[0122] In a bipolar configuration, it is preferable that the sleeve 1 of the tissue-localizing 
device serves as the second electrode. Alternatively, as described earlier, both electrodes for 
the bipolar configuration may be located on the locator element if the locator element has more 
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than one conductive region. Figure 14 shows an example of a bipolar device where a separate 
electric plug 141 is provided for the connection to the power supply. Plug #1 141 is connected 
to the locator element and plug #2 142 is connected to the sleeve. In this configuration, the 
sleeve is preferably a conductive needle cannula. 

[0123] In another variation, a light-transferring medium, such as an optical fiber, is 
provided on the locator element enabling delivery of light to the localized tissue, 
photodynamic therapy (PDT) has been shown to be a very effective method for treating tumors. 
PDT has also been proposed for treatment of cardiovascular disease, particularly 
atherosclerosis. PDT employs photosensitive target-selective molecules, which are injected 
into the blood and selectively concentrated at a particular treatment sight where they may be 
photoactivated to initiate target cell destruction. Alternatively the light transferring system may 
also be used for hypothermia therapy. Conduction of light from a source, such as a laser, to the 
treatment site may be accomplished through the use of a single or multiple fiber optic delivery 
system with special diffliser treatment tips. Balloon catheters, such as one described in U.S. 
Patent No. 5,700,243 to Narciso, Jr. which is incorporated herein by reference, had been 
adapted to direct photons for PDT. However an efficient means to deliver PDT to tissues 
located away from the major vessels is still need. The locator element with an integrated light 
transfer medium provides an excellent solution through a minimally invasive procedure that 
overcomes difiQculties in reaching tissues outside of the vessels. 
[0124] Photon transferring medium, such as optical fibers may be integrated with the 
locator element. Light diflfuser element may be adapted to the distal portion of the locator 
element when light difiusion is desired. Some examples of a light difiliser include a single 
fiber cylindrical diffiiser, a spherical diffuser, a microlensing system, an over-tiie-wire 
cylindrical diflftising multi-fiber optic catheter, etc. U.S. Patent No. 6,027,524 to Petit, also 
disclosed a fiber-optic light transfer system with a difftiser tip, which is incorporated herein by 
reference. Alternatively, the locator element may be constructed of a light transferring 
medium. In one variation of a locator element adapted for PDT, one or more optical fibers are 
annealed to the inner surface of the locator element. Light diffusing elements are adapted to 
the distal end of the optical fibers. The locator element may be deployed around the tissue of 
interest, and a photon source, e.g. laser, UV, etc., may be employed at the proximal end of the 
optical fibers to supply the excitation light to the targeted tissue. A special adapter may be 
integrated into the pusher assembly for connecting the optical fibers to the photon source. 
[0125] A monopolar tissue-localizing device according to the invention can be used to 
localize tissue in the following manner. An electric conductive pad and a tissue-localizing 
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device with an energizable locator element are connected to a RF ablation generator. With x- 
ray imaging, the user locates the region of interest withm a subject's body. Other imaging 
devices, such as an ultrasound imager or MRI may also be used for the purpose of locating the 
tissue of interest and assisting in the deployment of the locator. The electric conductive pad is 
then secured to the body of the subject. After application of local anesthesia, the user then 
inserts the sleeve of the tissue-localizing device into the tissue, placing the distal end of the 
locator element adjacent to the region of interest. The locator element is then slowly deployed 
from the sleeve. As the locator element is advanced forward, the tip of the locator element is 
energized intermittently or continuously to facilitate the penetration of the locator element into 
the tissue and to induce coagulation of the damaged vessels. When the locator element is 
completely deployed, it forms a partial loop around the region of interest. The locator element 
is then detached from the tissue-localizing device. The tissue-localizing device, along with its 
sleeve is removed from the subject's body leaving the locator element in the tissue marking the 
region of interest. 

[0126] A bipolar device according to the present invention can likewise be used in a 
similar manner. The user locates the tissue of interest as described above. Since the bipolar 
device has both conducting paths located on the tissue-localizing device itself, a separate 
conductive pad is not necessary. As described above, the user then inserts the sleeve of the 
locator element into the tissue. In some applications where the tissue is particularly dense, it 
may be necessary to energize the sleeve of the tissue-localizing device to facilitate the insertion 
of the sleeve into the tissue. After the sleeve is in place, the locator element is deployed into 
the tissue to surround the region of interest. As the user e?q)eriences resistance in advancing 
the locator element, RF energy may be delivered to the locator element to facilitate the 
insertion of the locator element. Once the locator element is deployed, it is disconnected from 
the tissue-localizing device and the sleeve of the tissue-localizing device is then withdrawn 
form the subject body. 

[0127] As described, a tissue-localizing device according to the present invention can be 
provided with an integrated temperature sensor. In use, the tissue-localizing device is inserted 
into the tissue and the locator element is deployed as previously described. However, in such 
methods, for example, a RF ablation generator with a built-in close-loop temperature control 
mechanism can be used to modulate the RF current delivered to the locator element. A 
thermocouple integrated with the sleeve of the tissue-localizing device can provide the 
temperature measurement to the close-loop controller. The RF energy output is modulated 
dependmg on the temperature mformation provided by the thermal couple. As the user 
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advances the locator element into the tissue, the RF generator provides pulses of RF energy to 
cut through the tissue, the RF energy pulse is modulated so as not to over heat the surrounding 
tissue. 

[0128] It is well known that ultrasound and other RF energy directed at a tissue may 
facilitate the absorption of chemicals or medication. In this example, ultrasound is directed at a 
volume of tissue to facilitate the absorption of the drug in the tissue and also to activate the 
drug within this tissue. It is contemplated that the tissue-localizing device or the electric 
conductive locator element of the present invention may be used to direct RF energy locally for 
the sole purpose of drug activation, or to facilitate absorption only. Furthermore, the tissue- 
localizing device may be used to direct RF energy to heat a designated volume of tissue. It is 
well known in the scientific community that heating of certain malignant tissue could have 
significant therapeutic effect. 

[0129] Encapsulated gas microbubbles are well knov^ in the scientific community as 
vehicle for transporting drug or chemical in the blood. Such bubbles, with an average size less 
than that of a red blood cell, are capable to penetrate even into the smallest capillaries and 
release drugs and genes, incorporated either inside them or on their surfaces. Moreover, the 
microbubbles may be used to transport a specific drug to a specific site within the body (for 
instance, an anticancer drug to a specific tumor) if their surface contains ligands. The ligands 
(e.g. biotin or antibody) will bind to the receptors (e.g. avidin or antigen) situated at the blood 
vessel walls of the target site and force the microbubble to attach to the walls. Methods for 
preparing such microbubbles have already been described in U.S. Patent No. 6,146, 657 to 
Unger. U.S. Patent No. 6,245,318 Bl fiirther describe the uses of microbubbles for diagnostic 
and therapeutic applications. Method of using microbubbles to enhance the bioavailibility of 
bioactive agents in vivo is described in detail in U.S. Patent Application Pub. No. US 
2001/005 1131 Al to Unger. The above cited patents and patent application are hereby 
incorporated by reference in their entirety. 

[0130] The microbubbles may serve as vehicles for carrying drug or gene in the blood 
stream. The microbubbles may remain stable long enough to circulate and accumulate at the 
binding site. They are able to reach the target tissue and diffuse into the target tissue. 
Ultrasound energy may then be applied to rupture the microbbubles in the target tissue and 
forcing the release of the drug or gene carried by the microbbubles. 

[0131] As an example, a tissue-localizing device with a conducting locator element, which 
is adapted to serve as an antenna to deliver ultrasound energy can be deployed around a target 
tissue site containing a malignancy. Microbbubles carrying small molecule chemotherapy 
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agents can be injected into the subject and the microbbubles allowed to diffuse. The locator 
element can then be energized to create a localized ultrasound energy field to rupture the 
microbubble carriers that have diffused into the localized energy field releasing the 
chemotherapeutic agents at the malignancy site. 

[0132] It is understood that the above example only suggests one of many possibility of 
utilizing the energizable tissue-localizing device for local drug activation. Other RF 
electromagnetic waves may also be implemented on tissue-localizing devices to facilitate 
chemical absorption and/or activate chemical activities within a localized tissue. Other carriers 
or chemical compositions that may be activated by RF energy may also be suitable in local 
drug activation applications. 

[0133] Alternatively, a RF antenna or electrode may also be deployed around a vessel to 
activate a drug that flows through that particular vessel. For example, the locator element may 
be deployed around, say, the right femoral artery in the leg. Inactivated drugs are then injected 
into a vein in the forearm of the patient. The RF energy is then delivered to the locator element 
to activate drugs that flow down the right femoral artery. 

[0134] This invention has been described and specific examples of the invention have been 
portrayed. The use of those specifics is not intended to limit the invention in anyway. 
Additionally, to the extent there are variations of the invention, which are within the spirit of 
the disclosure or equivalent to the inventions found in the claims, it is our intent that this patent 
will cover those variations as well. 



25 



wo 03/088806 



PCT/US03/10987 



CLAIMS 



We claim the following: 



1. 



A tissue-localizing device comprising: 
a sleeve having a lumen; and 

a locator element at least partially disposed in the lumen of said sleeve in a 



slidable manner, said locator element having a distal portion and a distal end, the distal portion 
having a discrete electric conductive surface region at or near said distal end, the locator 
element further, being adapted to penetrate tissue so that the distal portion of the locator element 
forms at least a partial loop that defines a volume of tissue when said locator element is 
deployed in tissue. 

2. A tissue-localizing device as in claim 1 wherein said locator element has a 
cross-section with a width greater than its height. 

3. A tissue-localizing device as in claim 1 wherein said locator element has a non- 
circular cross-section. 

4. A tissue-localizing device as in claim 1 wherein said locator element is 
comprised of a shape memory alloy. 

5. A tissue-localizing device as in claim 1 further comprising: 



an insulating layer at least partially covering said locator element 



6. 



A tissue-localizing device as in claim 1 wherein said sleeve is electric 



conductive. 



7. 



A tissue-localizing device as in claim 6 wherein said sleeve further comprises a 



cannula. 



8. 



A tissue-localizing device as in claim 1 further comprising: 

an insulating layer at least partially covering an inner surface of said sleeve. 
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9. A tissue-localizing device as in claim 1 wherein said locator element has a 
second electric conductive surface region electrically isolated from said first electric conductive 
surface region. 

10. A tissue-localizing device as in claim 1 further comprismg: 

a power supply capable of supplying an alternating current with a frequency 
within a range of about ten kilohertz to about one hundred megahertz, to said first electric 
conductive region; and 

an electric conductive path connectmg said electric conductive surface region to 
said power supply. 

11. A tissue-localizmg device as in claim 1 0 further comprising: 

an electric conducting member adapted for connection to tissue; and 
a second electric conductive path connecting said power supply to said electric 
conducting member. 

12. A tissue-localizing device as in claim 10 further comprising: 
an electric conductive pad; and 

a second electric conductive path connecting said power supply to said electric 
conductive pad. 

13. A tissue-localizing device as in claim 1 0 wherein said power supply has an 
altemating current output power within a range of zero to about four hundred watts. 

14. The tissue- localizing device as in claim 10 wherein said altemating current has 
a primary frequency in the range of about one hundred kilohertz to about one megahertz. 

15. A tissue-localizing device comprising: 

a sleeve having a lumen and an insulating liner covering the inner surface of 
said sleeve; and 

an electric conductive locator element at least partially disposed in the lumen of 
said sleeve in a slidable manner, said locator element having a distal portion, the locator 
element further being adapted to penetrate tissue so that the distal portion of the locator element 
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forms at least a partial loop that defines a volume of tissue when said locator element is 
deployed in tissue. 

16. A tissue-localizing device as in claun IS wherein said sleeve is electric 
conductive. 

17. A tissue-localizing device as in claim 1 6 further comprising: 

an insulating layer covering an outer surface of said sleeve with a distal end of 
said sleeve exposed. 

18. A tissue-localizing device as in claim 1 6 furAer comprising: 

an insulating layer partially covering said locator element with the distal end of 
the locator element exposed. 

19. A tissue-localizing device as in claim 15 further comprising: 

a power supply capable of supplying an alternating current, with at least a 
frequency within a range of about fifty kilohertz to about ten megahertz, to said locator 
element; and 

an electric conductive path connecting said locator element to said power 

supply. 

20. A tissue-localizing device as in claim 1 S further comprising: 

a power supply capable of supplying a RF energy to said locator element; and 
an electric conductive path connecting said locator element to said power 

supply. 

21 . A tissue-localizing device as in claim 16 further comprising: 

a power supply capable of supplying an alternating current with a frequency 
within a range of about three kilohertz to about three hundred gigahertz to said locator element; 
and 

a first electric conductive path connecting said locator element to said power 

supply; and 

a second electric conductive path connecting said sleeve to said power supply. 
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22. A tissue-localizing device comprising: 

a sleeve having a first electric conductive region and a lumen; and 
a locator element at least partially disposed in the lumen of said sleeve in a 
slidable manner, said locator element having a distal portion and a distal end, the distal end 
having a second electric conductive region, the locator element further being adapted to 
penetrate tissue so that the distal portion of the locator element forms at least a partial loop that 
defines a volume of tissue when said locator element is deployed in a manunalian tissue. 

23. A tissue-localizing device as in claim 22 further comprising: 
a power supply capable of generating a RF electric current; 

a first electric conductive path connecting said power supply to said first 
electric conductive region; and 

a second electric conductive path connecting said power supply to said second 
electric conductive region. 

24. A tissue-localizing device comprising: 

a locator element having a distal portion and an electric conductive surface 
region, said locator element further being adapted to penetrate tissue so that the distal portion of 
the locator element forms at least a partial loop that defines a volume of tissue when said 
locator element is deployed in tissue; and 

a power supply capable of generating a RF electric current; 

an electric conductive member adapted for connection to tissue; 

a first electric conductive path connecting said power supply to said electric 
conductive region. 

a second electric conductive path connecting said power supply to said electric 
conductive member. 

25. A tissue-localizing device as in claim 24 wherein said distal end of said locator 
element has a sharp edge, and wherein said sharp edge has a conductive surface. 

26. A method of placing a locator element in a mammalian tissue, comprising the 
steps of: 

a.) penetrating through tissue with a sleeve containing a locator element at 
least partially disposed in a lumen defined by said sleeve, said locator element having a distal 
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portion and a distal end, wherein said distal portion having an electric conductive surface 
limited to said distal end of the locator element. 

b.) advancing said locator element through said sleeve and penetrating the 
tissue so that the distal portion of the locator element forms at least a partial loop such that said 
locator element when fully deployed substantially surrounds a volume of tissue. 

27. A method of placing a locator element in tissue as in claim 26, further 
comprising the step of: 

delivering an alternating current to said electric conductive surface. 

28. A method of placing a locator element in a manmialian tissue, comprising the 
steps of: 

a. ) connecting an electric conducting pad to a surface on a mammalian 

body; 

b. ) penetrating through a tissue on said manunalian body with a sleeve 
containing a locator element at least partially disposed in a lumen defined by said sleeve, said 
locator element having a distal portion, the distal portion having an electric conductive surface 
region; 

c. ) advancing said locator element through said sleeve and penetrating the 
tissue so that the distal portion of the locator element forms a partial loop such that said locator 
element when fully deployed substantially surrounds a volume of tissue next to the sleeve; and 

d. ) .energizing said locator element with an electric current while said 
locator element is being advanced through the tissue. 

29. A method of placing a locator element in a mammalian tissue, comprising the 
steps of: 

a. ) penetrating into a tissue with a sleeve containing a locator element at 
least partially disposed in a lumen defined by said sleeve, said locator element having a distal 
portion, the distal portion further having a first electric conductive region, wherein said sleeve 
further havmg a second electric conductive region; 

b. ) advancing said locator element through said sleeve and penetrating the 
tissue so that the distal portion of the locator element forms at least a partial loop such that said 
locator element when fully deployed substantially surrounds a volume of tissue next to the 
sleeve; and 
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c.) allowing a current to flow between said fist electric conductive region 
and said second electric conductive region. 

30. A method of placing a locator element in a mammalian tissue, comprising the 
steps of: 

a. ) penetrating through tissue with a sleeve containing a locator element at 
least partially disposed in a lumen defined by said sleeve, said locator element having a distal 
portion, the distal portion having an electric conductive surface region, said locator element 
further being adapted to penetrate tissue so that the distal portion of the locator element forms 
at least a partial loop that defines a volume of tissue when said locator element is deployed in 
tissue; 

b. ) advancing the locator element into the tissue; and 

c. ) applying an alternating current to said electric conductive region. 

31 . The method of claim 30 wherein steps (b) and (c) are performed 
simultaneously. 
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